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PREFACE 
This document is intended principally to detail recent work on hull-
mounted side-scan sonars, supported in FY 1976/7 and FY 1977/8 by the 
S.M.T.R.B. and the O.E.T.B. Inevitably the work depended heavily on 
earlier work supported from 1958 to 1966 by the Development Commission, 
then, from 1966 to 1976, and from 1978 to the present by N.E.R.C. 
The report places the work in context with previous systems, describes 
briefly the specification for the Mark III system, outlines the designs 
implemented and reports on performance and use. 
The Appendices are copies of handbooks, drawings, etc., which give the 
detail of design and operation of the equipment. 
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1, HISTORICAL INTRODUCTION 
The civil applications of underwater echo-ranging are by now both wide-
spread and well established. Though designs relied heavily on post war 
naval expertise in the early 1950s, subsequently systems have been designed 
and built with specific applications in mind. Thus, for example, simple 
narrow vertical beam echo-sounders are employed for navigation and for 
bathymetry survey, searchlight sonars of medium complexity are available 
for fishing operations, and for more than a decade sophisticated within 
pulse sector-scan sonar has been applied in research on the behaviour of 
dynamic targets such as fish and fishing nets. 
For many years the Institute of Oceanographic Sciences* has held the 
view that side-scan sonar is a most appropriate tool for the study of the 
sea bed, its geology and sedimentation, because of the side-scan's ability 
to rapidly map relief trends and roughness contrasts. The work on wrecks 
by Kunze (1957) and on sand waves by Chesterman et al. (1958) appear to be 
the only applications of side-scan sonar before the start of its systematic 
use by the Institute in 1958. Whilst the ultimate purpose of the work 
throughout has been scientific, there is no doubt that this highly produc-
tive field pioneered at the Institute has been brought about by the closest 
co-operation between instrument engineers and scientists. This report is 
concerned however with equipment, beginning briefly with Mark I fitted to 
RRS Discovery II, Mark II fitted to its successor, RRS Discovery and prin-
cipally with the latest hull-mounted version, Mark III. 
Side-scan systems may be towed or hull-fitted, both schemes having advan-
tages and disadvantages. The Institute has found it most convenient for 
its work on continental shelves to employ the hull-mounted form from its 
ships, though since the late 1960s commercial equipment mostly in the 
towed form have become available, giving the flexibility of mobility from 
ship to ship; however better heading, beam and depth stability, less 
susceptibility to weather problems, and the ability to tilt the beam for 
optimum range to suit water depth generally means that the hull-mounted 
form has the advantage and produces higher sonograph quality. 
For completeness, it is appropriate at this point to mention project 
G.L.O.R.I.A. (geological Long Range Inclined Asdic). Following a feasi-
bility study in the early 1960s to scale up the side-scan sonar a factor 
of approximately 20 in range and depth capability for use in oceanic waters, 
^'Formerly National Institute of Oceanography 
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a lower frequency (5 kHz) towed system was designed, built and successfully" 
operated. The need for a larger transducer than could be more conveniently 
attached to the hull, plus near surface sound refraction difficulties over 
oceanic waters and low sea surface cavitation thresholds encouraged a towed 
solution in this case. The various aspects of the Mark I version of this 
equipment are described by Rusby (1970) . A Mark II system with improved 
handling arrangements, increased signal processing gain and double sided 
working, described by Somers et al. (1978) and Rusby (1978), has increased 
the capabilities and continued the pioneering of side-scan methods at the 
Institute. 
During the period of GLORIA development, work on the hull-mounted sonars 
continued, albeit at a more modest level of effort. The sonars were used 
for fish detection work and, because of the ability to stabilise a vertical 
beam against ship roll, increasingly for high'resolution echo-sounding, and 
also for 'telesounding', a side-scan technique for wide swath bathymetry. 
Most recently the platform provided the roll stable base for an acoustic 
doppler shear meter, described by Crocker. 
This report essentially presents the status of the work and equipment at 
the end of 1980. On the basis of the previous history, it is likely that 
further evolutions will occur and the authors are confident that side-scan 
sonar has more to offer in underwater exploration. 
2. BRIEF DESCRIPTION OF MARK I SYSTEM 
The first system, operating at 35 kHz, employed a magnetostriction trans-
ducer, divided into 3 rows of 9 sections, mounted directly on to the hull 
of RRS Discovery II and capable of being tilted by means of a worm shaft and 
wheel (see Fig. 1). The shaft entered the ship and was connected initially 
to a handle but subsequently to a servo motor system which also provided roll 
stabilisation. See the section by Henderson in Tucker et al. (1959) for an 
analysis of the latter. Table I for details of the transducer. Tucker et al. 
C1961) for a description of the acoustics and electronic system and Table II 
for list of cruises. 
There were three main disadvantages of this system: any major maintenance 
work on the transducer required the ship to be put into dry dock; the trans-
ducer suffered from quenching due to the bubble layer close to the ship's 
hull and all surveys had to be carried out on the starboard side. 
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3. OUTLINE DESCRIPTION OF MARK II SYSTEM 
This was fitted to the new RRS Discovery commissioned in 1963 and was 
designed to overcome the disadvantages of the first system. A trunk or 
coffer dam on the fore and aft line of the ship forward of the bridge 
structure enables gear to be fitted through the hull without drydocking, 
a blank plate being used when the gear is not required. Mounting the 
transducer on trunions between two fore and aft legs Ih m long reduced 
the effect of quenching and allowed the choice of side when surveying 
(see Fig. 2). 
Between the legs was mounted a streamlined phosphor-bronze casting 
which was divided into two parts. The transducer compartment, being 
filled with castor oil, was sealed at the front by a fibre glass acoustic 
window and at the rear by a neoprene diaphragm to allow for changes in 
volume of the oil due to temperature fluctuations. The rear compartment 
had ports to gain access for cable wiring and oil filling (see Fig. 3). 
The back of the casting was flat and subsequently this was used as a 
platform on which to mount the transducers used for the Telesounder trials 
(Stubbs et al., 1974). 
The transducer was designed as a multipurpose tool, the cruciform shape 
being divided into 11 sections so that a variety of beam shapes were 
possible, the two most common being the vertical fan beam for side-scan 
use and a square beam for echosounding (see Table II for list of cruises). 
The array consisted of 264 square elements, each element being a double 
sandwich of two barium titanate blocks with aluminium alloy tail, centre 
mounting and flared head; unicellular pressure release rubber details 
being glued under the head and tail. 
As will be seen from Table I, the transducer had two frequencies of 
resonance 26 and 54 kHz, the latter however being used mainly in the echo-
sounder mode. The electronics used in RRS Discovery II for the first 
system were transferred to RRS Discovery for the Mark II system but were 
modified for dual frequency working and the changed transducer impedance. 
The kernel of all the stabilisation systems has been a Roll Unit Type C 
which consists of a vertical axis gyro to provide a datum against which the 
ship motion is measured, the roll angle output being provided by either 
magslips or synchros. For the Mark II system the magslips fed into a 
conventional commercial servo amplifier and electric motors, these in 
turn driving gearing and shafts to the transducer (see Fig. 2). As before. 
additional magslips provided a tilt facility which in tliis case allowed an 
extra 90° of travel to accommodate the port side. The servo motor unit was 
made as a separate entity so that it could be removed during installation 
and removal of the plate (see Fig. 3) . 
Both of the first two systems suffered from the same defect, namely that 
the gearing linkage from the servo motor armature to the transducer shaft 
was outside the servo loop and so any errors in the linkage were not corrected 
by the servo system. The maximum error occurred between the worm and wheel 
and this constituted the limit to the overall system stability. 
An operational disadvantage was that this second system was again single 
sided and also only one transducer was possible without redesign. Although 
it was not required to dry dock the ship to work on the transducer it was 
necessary to allow up to 5 hours at the beginning and end of each cruise to 
change the plates. This need not be done for a mid-cruise port but with 
2 metres extra draught there was the attendant risk of loss - which eventually 
happened. 
4. DESIGN REQUIREMENTS FOR MARK III SYSTEM 
4.1 Retractability 
This was considered the prime requirement to avoid further loss when 
sailing in very shallow or doubtful waters. Also when not in use the drag 
effect, though small, would be removed. A watertight compartment large 
enough to house the transducer assembly would be required just inside the 
ship's hull. 
4.2 Single/double sided working 
The increased coverage and/or the saving of ship time together with the 
ability to obtain simultaneous 2 way "looks" at similar features made this 
facility an essential requirement. 
4.3 Transducer tilting 
A unique feature of the Institute's side-scan systems has been the ability 
to tilt the transducers about tkeir fore and aft axes so that as the water 
depth varies the maximum recorder range can be used at all times. To allow 
for a sloping sea floor independent tilting of the sides is required. 
A further advantage is the ability to point the transducers vertically 
downward in the echo-sounder mode for geological and biological studies. 
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4.4 Multiple use 
The previous systems were designed around a single transducer. It was felt 
the new system should be as flexible as possible in this respect and that 
multiple configurations should be allowed for, the most obvious scheme being 
the use of flat plates as large as can be accommodated on which transducers 
are bolted. 
4.5 Azimuth rotation 
A side-scan transducer whose fore and aft line is fixed experiences the 
same azimuth perturbations as the ship and likewise the acoustic beam. 
There are occasions when it would be useful to fix the beam relative to 
a given heading and hence be free of ship yaw and set. Also, it is not 
difficult to envisage applications which need to direct beams in an azimuth 
search mode. Both of these requirements can be met by an azimuth motion 
coupled to the ship's gyro system for stabilisation and working on a single 
strut assembly. 
4.6 Streamlining 
The proposal to cater for multiple transducers on each side with independent 
control of the two sides calls for a complicated mechanical assembly with an 
all enclosing streamlined casing to reduce cavitation effects. The support 
strut (or struts) must be faired or streamlined for the same reason. 
The transducer assembly must be capable of being deployed below the hull 
bubble layer, for the Mark II system this was found to be about ih metres. 
4.7 Ship's speeds 
The maximum speed for RRS Discovery on two engines is about 10 knots and 
the equipment should function in all aspects at that speed. Also it should 
be possible to leave the assembly safely deployed at the ship's absolute 
maximum of 13 knots. Deployment and retraction can take place at a much 
lower speed on the assumption that the time taken is small. 
4.8 Hydraulic/electric control 
The two previous systems had used electric servo-motor systems employing 
high speed motors and high ratio gear trains (with their attendant back-
lash errors) on to the transducer shafts. The rate of transducer movement 
is low, in the order of 20° per second (equivalent-to about 3^ 5 r.p.m.) which 
allows the use of direct coupled high pressure hydraulic motors. This will 
apply to the azimuth and roll motions and the same hydraulic supply can be 
used for both. 
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The deployment mode is not tied to given time constants as are the two 
ship motions and therefore any convenient system may be used so long as the 
times for deployment and retraction are small, say in the order of 1 minute. 
A large area piston can be employed and so hydraulics are again suitable but 
using a low pressure supply. 
4.9 Degree of roll stabilisation 
The previous systems employed magslips for the servo control and indicator 
chains together with an Admiralty Roll Unit for detecting the ship's roll, 
the rated accuracy being ±1°. 
The Telesounder transducers were mounted on the back of the Mark II trans-
ducer but this equipment (Stubbs et al., 1974) would have benefited by a 
servo system having an accuracy of ±0.1°. 
It was felt the new system should use synchros having this capability 
and to make provision for the addition of a comparable gyro when required. 
4.10 Control system 
The system should be as simple as possible to operate, the various sequences 
being programmed automatically and initiated by press buttons, lamp indication 
giving the state of each sequence. Safeguards are necessary to prevent damage 
and servo runaway in the event of signal or sequence failure. 
Azimuth and tilt control should be possible from both the Electronics 
Laboratory and the Sonar Compartment. Deployment and retraction would 
normally be carried out from the Sonar Compartment but emergency retraction 
should be possible from the Electronics Laboratory. 
4.11 Transducers 
The prime use of the platform is for the side-scan transducers which 
require narrow fore and aft beams. The previous 36 kHz transducers had 
beams in this direction of about 2° {see Table 1) which dictates that the 
length should be about 1 metre. 
The Telesounder transducers being only 30 cm x 5 cm should fit fairly 
easily, other transducers being arranged as required. 
4.12 Cabling, wiring, junction boxes 
Junction boxes and fixed wiring on the platform are considered an important 
feature so that transducers need only have short leads attached. 
Experience had shown the less wiring and cabling was disturbed the more 
reliable the system. The provision of permanent junction boxes at strategic 
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points in the ship plus cabling was therefore most desirable. Also for 
equipment removed during refits or not required for a period the associated 
cables should be fitted with plugs and sockets for easy removal as well. 
4.13 Recorders and electronics 
Improvements and modifications had been made continually to the trans-
mitting and receiving electronics in the light of experience and advances 
in electronic techniques. Also a single helix Mufax recorder had been 
used for all systems to cater for single sided working. 
The new configuration would require double sets of electronics and double 
helix recorders, tlie former being modular in construction to allow for quick 
maintenance and controls laid out for easy operation by unskilled operators 
and the latter having multiple range facility to allow for the deeper water 
capability that was found possible on the Mark II system. 
5. DESCRIPTION OF THE COMPLETED MARK III SYSTEM 
By and large the features of the previous section have been incorporated 
in the equipment built and the platform and sonars meet the requirements. 
In this section brief descriptions of the systems follow. Further details 
may be obtained by reference to the Appendices which include engineering 
drawings and handbooks. 
5.1 Mechanical considerations 
The physical size of the Mark III sonar has been dictated by the existing 
sonar trunk on Discovery, and the depth to which the transducer assembly has 
to be deployed. The constraint imposed by using the existing ship's hull 
opening, and the need to provide as much transducer area as possible 
necessitates the use of a control interlocking system to orientate the 
transducer pod into the correct plane before retracting or deploying the 
unit. 
Deploying or retracting the unit is made possible by building the trans-
ducer assemblies into a pod which is centrally mounted into a single 9" 
diameter streamlined strut. This strut may be pumped up or down to deploy 
or retract the unit by means of low pressure water (50 p.s.i.), acting 
directly on a piston. The water pressure has been deliberately kept low 
to avoid damage to the pod, should any obstacle get caught in the equipment 
whilst deploying or retracting. The use of low pressure water also makes 
sealing problems much less severe. 
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The size of the streamlined strut is determined by the forces exerted on 
it. The drag forces and turning moments give rise to about 8.5 tons/ft 
bending moment on the strut, and a natural bending frequency of approxi-
mately 8 Hz. Because of the large bending moment, it is only possible to 
deploy and retract the unit at ship's speeds below 2\ knots. The strut 
is of sufficient length to enable the pod assembly to be deployed to a 
level where the centre of the pod is I's ra below the ship's hull. 
A mechanical lock is provided at the fully deployed and fully retracted 
positions. The azimuth hydraulic motor is of I.O.S. design, positioned at 
the lower end of tlie streamlined strut, and supplied with oil at a pressure 
of 500 p.s.i. and controlled by a Moog electro-hydraulic valve. The degree 
of rotation in azimuth is 60° to Port and 60° to Starboard. 
Two transducer plates provide independent roll controlled transducer 
platforms, to which various transducer combinations may be fixed. 
The free flooding pod containing the transducer assembly is covered by a 
G.R.P. housing to reduce drag, and consists of four separate pieces for ease 
of maintenance. The total weight of the platform is 2 tons 18 cwt. 
5.2 Control systems 
Ca) General 
There are two control stations, one in the Electronics Laboratory and one 
in the Sonar Compartment. Deployment and retraction operations are generally 
initiated from the Sonar Compartment since the upper end of the system can 
be watched. At either control station one of four modes can be selected. 
In Mode 1 the pod is locked to the ship's axis so that the transducer 
plates face to port and starboard and the plates are stabilised in roll. 
This mode is commonly used for side-scan or echo-sounding, and is equivalent 
to that used in the Mark I and Mark II versions. 
In Mode 2 both the roll plates and the azimuth motions of the pod are 
stabilised. The azimuth is maintained for ship's head changes of up to ±20 , 
but should this be exceeded the pod is automatically re-centred to ship's 
head and then continues to be stabilised within ±20°. This mode is intended 
where ground referenced navigation is available to allow undistorted side-
scan survey when leeway and cross currents are present. This mode is also 
selected for deployment and retraction. 
In Mode 3 azimuth only is stabilised and in Mode 4 neither roll or azimuth 
are stabilised. In both these modes, intended for search purposes, azimuth 
and roll are also under manual control. 
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(b) Hydraulic systems 
Power for the hydraulic roll and azimuth servo systems comes from a 3 H.P. , 
1000 p.s.i. hydraulic pump. Azimuthal drive to the specially designed vane 
motor is actuated around 500 p.s.i. via a Moog servo valve, itself electrically 
controlled through a current amplifier according to demand from an azimuth 
synchro control transformer; the latter being closely mechanically connected 
to the hydraulic motor completes the electro-hydraulic servo loop. External 
control demand to the synchro transformer is derived either from a %ero trans-
mitter, manual controls or from the ship's gyro depending upon the mode 
position. The ship's gyro system does not have synchro output so a standard 
stepper repeater geared to a synchro transmitter is used. 
Two identical synchro-hydraulic servo systems are used to stabilise port 
and starboard transducer plates, each employing a similar arrangement to the 
azimuth system described above. However in this case synchro reference signals 
derive at present from an Admiralty roll gyro Type C situated in the Gravimeter 
Room. 
The close mechanical connection between the hydraulic motors and their con-
trol synchro transformers eliminates practically all backlash problems; stabi-
lity is also assisted by acceleration feedback within the electrical amplifier. 
Azimuthal stability is maintained during the fastest turns at speeds up to 
10 kts, roll stability has so far been adequate in all weather; the telesounder 
system has not been recently used, but this might require th.e improved resolution 
of a new Colnbrook roll gyro. 
Cc) Electrical features. 
All the direct current required•for relays and electronic circuits is derived 
via power packs from the ship's 23Qv, 50 Hz supply. The ship's 50 Hz, 3 phase 
A.C. supply is used to power a motor generator set providing 115V, 400 Hz, 
3 phase for the synchro systems. It is intended to replace the motor 
generator set with a static inverter in the near future. 
Indicators for mode, roll and azimuth positions and ship's head are provided 
at both control positions. Interlocks, microswitches and relays are provided 
to prevent accidental damage and to facilitate easy, fast push-button control. 
Details of these are described in Appendix A, the sonar platform handbook 
especially section 5. 
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5.3 Sonar systems 
(a) Transducers 
1. Low frequencies 
The side-scan transducers for the Mark I and Mark II systems were constructed 
from mosaics of elements operating at 35 kHz, each element having face dimensions 
of less than one wavelength. The elements were grouped in sections so that 
different configurations could be produced to obtain a variety of beam patterns 
thus widening the use of the transducer. Because it was proposed to produce 
a multi-transducer assembly for the Mark III system the need for a multi-
sectioned side-scan transducer was not so great and hence the transducers were 
originally designed to have single sections. 
The success of the Tonpiltz prestressed elements developed for the GLORIA 
transducer and their further use at 75 kHz in a solid face plate (Soraers et al. , 
1976) suggested this method of design for the new side-scan transducer. The 
array (see Fig. 9) uses a novel technique of a solid titanium face plate having 
a honeycomb of holes at the rear into which the active elements are stuck. A 
nylatron cover and gasket produces a watertight assembly. See Table 1 for 
details of the resultant 31 kHz and 37 kHz transducers. The 31 kHz transducer 
is fitted with two extra transducers to form a cruciform shape, the vertical 
section providing a more square beam for deep sea echosounder use (see Fig. 8), 
2. High, frequencies 
For the Telesounder project commercial transducers operating at 250 kHz were 
purchased and used on the Mark II systems (Stubbs et al., 1974). As Table 1 
indicates, the beam angles are narrower than those for the low frequency trans-
ducers; also the cases suffer from corrosion. For these reasons it is proposed 
to design and build replacements. The Tonpiltz design cannot be used at these 
frequencies because the mechanical details become too small. A different tech-
nique will have to be employed, e.g. based on the design by Hood (1978). 
3.' Intermediate frequencies 
There is a frequency dependence in the returned echo for targets where any 
dimension is greater than the wavelength of the sound employed. The high and 
low frequencies above should provide widely differing echo signatures and an 
intermediate frequency would indicate the manner of deviation, if any, from 
a straight line characteristic, ^ 
The practical upper frequency limit for the construction of the Tonpiltz type 
transducer is about 80 kHz. Two transducers have been put in hand operating 
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about this frequency and spaced about 10 kHz apart. The designs are 
scaled versions of the low frequency pair and so should have similar 
beam patterns. 
(b) Electronics 
1. Side-scan systems 
The 36 kHz electronics designed for the Mark I system used valve circuitry, 
see Tucker et al., 1961, and this was modified to match into the Mark II 
transducer and to operate also at 54 kHz. 
The advent of the new 37 kHz transducer on the Jury Rig assembly saw a 
new electronic design based on integrated circuits and transistors. This 
design was used for both the 37 kHz and 31 kHz systems when the Mark III 
double sided assembly was introduced, the main difference being revised 
front panel layouts for easier operation. 
The amplification characteristics of the various receiver circuits have 
been given much attention. Time Varied Gain is an essential feature of all 
side-scan systems to compensate for the reduction of signal with range and 
a number of systems have been tried, the present one being the most effective 
and easy to use. An Automatic Gain Control facility has also been incor-
porated a.s a result of experience- Its use is limited to areas having a 
high range of reflectivity and must be used with caution. The possibility 
of employing a Logarithmic Amplifier was investigated and found to be 
successful. This device accepts a wide range of signals and compresses 
them into a range which can be accepted by the paper recorder. However, 
it was found to have limited use and was complicated to operate and so has 
not been incorporated in the operational system. 
Correlation techniques have been found to be very useful for the reduction 
of noise and pickup with a resultant increase in range. The use of solid 
state devices has been developed for incorporation in the 31 kHz system (see 
Appendices D and E). 
The electronics required for the Intermediate Frequency systems are In 
hand and are based on the successful circuitry developed for the 31 kHz and 
37 kHz side-scan sonars. 
The users of side-scan equipment in the Institute have found the wet paper 
Mufax recorder to offer the best means of display. The Mark I and Mark II 
system used an 11" recorder whereas the Mark III double sided versions have 
made use of 18" recorders modified for dc^ oble helix working. The helix and 
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paper drives have been modified also to suit current range requirements 
(see Table I for details). 
2. Telesounder 
There has been quite a number of development steps in the circuitry during 
the progression of the system from testing the original concept through to 
the present operational equipments. The first system used transistors and 
was designed to work with one transducer (the interference effect being 
produced acoustically via a reflector). The received signals were fed 
through the later stages of the then Mark II side-scan system. After the 
first trial the reflector was abandoned and the transmitter changed to work 
into two transducers wired either in phase or anti-phase as required, the 
interference effect still being produced in the water. Another intermediate 
step whilst still single sided was to use a receiver channel for each trans-
ducer and process the receiver outputs to obtain the interference effect. 
The electronics for the present double sided systems are based on the side-
scan design each side having two receiver channels, the combined outputs of 
the latter being displayed on a dual helix recorder. 
6. APPLICATIONS IN BRIEF 
6.1 Continental shelf 
The Mark I system was originally produced for fish detection problems 
(Stubbs et al. , 1962) but with geological applications in mind (Stride, 1961a) 
Also Birmingham University took advantage of the transducer construction to 
conduct scanning experiments (Tucker et al., 1959). The geological interests 
involved sediment processes (Stride, 1963), rock erosion (Donovan, 1961a), 
the incidence of coral (Wilson, 1979) and area mapping (Donovan, 1961b) to 
quote a few examples. Man made objects like ships, wakes, wrecks, pipe 
lines and cables have intruded into the records and have themselves produced 
more than a passing interest. This also applies to natural phenomena like 
the effect of bubbles, sound refraction and noise in the sea. All of these 
interests have been extended using the Mark II and Mark III equipments> 
The experience gained has enabled the production of publications on geo-
logical features (Stride, 1961b) and general patterns (Stubbs, 1963) which 
have been followed by a much expanded and up-dated version (Belderson et al-, 
1972). 
Since its inception the various aspects of the Telesounder system have 
been thoroughly investigated. The present operational systems allow for 
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either acoustic or electrical interference depending on the signal processing 
required; also they may be used as conventional short range high resolution 
side-scan sonars. The main use to date has been to provide additional data 
to aid interpretation of tl-ie longer range side-scan records. 
6. 2 Upper continental slope 
As experience with the side-scan technique increased so the water depth 
also increased and records have been obtained further and further down the 
continental slope. The tilt facility enables full range' records to be 
produced independent of the water depth, but due to the steeper angles 
involved interpretation has to be carried out with caution. Iceberg plough 
marks have been found on the edge of the shelf (Belderson et al., 1973) and 
further down additional fields of study have been concerned with cliffs, 
slumps and canyons (Kenyon et al., 1978). 
6.3 Deep sea studies 
When the water depth becomes greater than 2500 m the side-scan system 
becomes an echo-sounder. This produces a more true profile than the ship's 
'precision' echo-sounder because the sound beam is both narrower and stabi-
lised. When the received signal is strong reduction of the gain to produce 
a 'just marking' situation will further enhance the true profile property. 
At present, the maximum attainable depth is about 5000 m, the proposed 
correlator should enable 6000 m depth to be possible. 
Further studies have been carried out in the echo-sounder mode of the 
fish, plankton and other organisms that comprise the Deep Scattering Layers 
(McCartney, 1975). 
6.4 Cruises 
Table 2 lists cruises on which side-scan sonars have been used by Institute 
scientists, over the period 1958 to 1980. 
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9. FIGURES AND TABLES 
Figure 1. Mark I transducer on the hull of RRS Discovery II. 
Mark II transducer and plate. 
Isometric sectional view of Mark II assembly. 
Mark III sonar platform. 
Isometric sectional view of Mark III assembly. 
Mark III platform in sonar trunk. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 5. 
Figure 7. Underside view of pod with Telesounder and Side-Scan transducers 
on mounting plates. 
Figure 8. Underside view of pod with Side-Scan transducers, plus additions 
for Echo-sounder use. 
Figure 9. Internal view of Side-Scan transducer showing Tonpiltz type 
motors. 
Figure 10. Roll, Azimuth and Platform control panels. 
Figure 11. Outline sketch of Mufax recorder. 
Figure 12. Side-scan system electronics 
Ca) Transmitter units 
(b) Receiver console 
Table I Ship mounted side-scan sonar systems. 
Table II Side-scan sonar cruises 1958 - 1980. 
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year Cruise 
Dates 
From To 
Weeks Area Ship Equipment 
1958 24 April 30 April 1 English Channel Discovery II Mk I 
1958 24 Sept 21 Oct 4 Eng. Channel - N. Sea " 
1959 12 Nov 30 Nov 3 " " " 
1960 20 April 3 May 2 Bristol Channel II 
1960 9 May 24 May 2 Northern North Sea M 
1961 16 Feb 18 Feb >5 Irish Sea It 
1962 
1962 
26 
17 
April 
Aug 
17 
30 
May 
Aug 
3 
2 
Bristol Channel, Celtic 
Sea 
Celtic Sea - Eng. Channel 
ft 
1963 1 June 19 June 3 UK - Aden Discovery Mk II 
1964 15 Feb 25 Feb 2 UK - Port Said 
1964 10 March 2 April 3 Indian Ocean • 
1965 7 Sept 7 Dec 13 UK - Canaries - UK. " It 
1966 2 June 20 June 3 Southern North Sea " 
1966 14 Sept 30 Sept 2 S.W. Approaches 
1967 19 12 Sept 12 Oct 4 UK - W. Mediterranean I  
1968 22 19 June 3 July 3 Atlantic Margin 
1968 24 19 Sept 30 Sept 2 Irish Sea Moray Firth " 
1969 27 /28 9 June 24 July 6 UK - W. Mediterranean 
1970 35 11 July 19 Aug 6 UK.- W. Mediterranean 
1971 40 19 June 26 July 5 UK - E. Mediterranean 
1971 42 21 Sept 30 Sept 1 Hebrides 
1972 
1972 
46 /1 
46 /4 
27 
25 
April 
May 
30 
29 
April) 
May ) 1 
Bristol Channel 
English Channel 
1972 50 11 Oct 26 Oct 2 North Sea 
1973 
1974 
57 
67 
19 
5 
Nov 
Oct 
1 
24 
Dec 
Oct 
2 
3 
Hebrides (Log Amp Tests) 
Eng. Channel - North Sea 
MS 47 
Jury Rig 
System 
1975 71 8 May 27 May 3 Western Approaches 
1975 74 15 Sept 26 Sept 2 S.W. Approaches 
1976 78 8 Sept 18 Oct 6 Hebrides Mk III 
1977 83 26 May 9 June 2 S.W. Approaches 
1977 84 15 June 28 July 2 Mid Atlantic Ridge " 
1977 85 1 Aug 30 Aug 4 Eastern Mediterranean " 
1978 95 25 Oct 26 Oct is North Sea fi 
1978 96 14 Nov 7 Dec 3 Brazilean Coast 
1979 101 10 April 6 May 4 Capetown - Seychelles 
1979 103 9 July 25 July 3 Gulf of Aden, Red Sea 
1979 104 28 July 18 Aug 3 Port Said - UK 
1979 106 5 Dec 22 Dec 2 North Atlantic 
1980 109 10 March 19 April 5 Caribbean 
1980 110 22 April 19 June 8 E. Pacific 
1980 111 22 June 2 July 1 Panama - Nova Scotia M 
1980 111 5 July 31 July 3 Grand Banks 
Table 2 Side-scan sonar cruises, 1958- 1980 
APPENDIX A 
SONAR PLATFORM Hl\..NDBOOK 
Sonar Platform 
Page 
1. OPERATION 1 
A. Without use of power 1 
B- With power, pod retracted 1 
C. Pod deployed 1 
D. Modes of operation 1 
2. PROCEDURES 3 
A. Deployment 3 
B. Retraction _ 5 
C. Use of stays 5 
D. Close down 5 
3. ROUTINE CHECKS 6 
A. Drawings and spares 6 
B. Bambi Air Compressor 6 
C. Checks during use 6 
D. When not in use 6 
4. PROCEDURE FOR REMOVAL AND REPLACEMENT OF PLATFORM 7 
A. Removal 7 
B. Replacement 7 
5. DETAILED OPERATION OF PLATFORM CONTROL SYSTEMS 8 
A. General 8 
B. Azimuth Control Synchro and Indicator Chains 10 
C. Roll Control and Indicator Synchro Chains 13 
D. Control and operation 13 
E. Initial operational test procedure 15 
F. Sequence of operations in detail 18 
List of Control Circuit Relays 25 
1. OPERATION OF PLATFORM 
A. Without use of power 
With no power the PORT plate moves to an angle of about 55 and the 
STARBOARD plate to about 20. 
The exact angles may be determined by operating the POWER SUPPLY AC GEN 
switch (2nd from right) on the switch panel (5th panel down on control rack 
in Sonar Compartment). 
B. With power, pod retracted 
Operate all 5 switches on switch panel, the order does not seem to 
matter. The control switch must be to LAB and the Lab MODE Switch on 1, 
The plates are now controllable from the Electronics Lab and the pod is 
locked to the ship. Use tilt angles between 55° and 90° only. 
C. Pod deployed 
With all power on the transducer plates are stabilised against the 
roll of the ship and tiltable; the pod stabilised against the yaw of the 
ship and rotatable, the actual facilities depending on the position of the 
MODE switch, see ID. 
If• no azimuth motion required, before resuming normal speed the 4 stays 
and bottle screws may be fitted. MODE positions 2, 3 and 4 are not then 
possible. Also, if an echosounder survey is being carried out and the ship 
motion is slight all power may then be switched off. 
BEFORE ATTEMPTING TO RETRACT THE POD MAKE SURE THE BOTTLE SCREWS ARE 
REMOVED. 
D. Modes of Operation 
Four modes of operation are available to the user, selection being from 
either the Sonar Compartment or in the Electronics Lab. The four modes are:-
MODE 1 - "side-scan" - Unstabilised in Azimuth, the pod being "locked" to 
the ships athwartships axis. 
Survey Stabilised in Roll. 
MODE 2 - "side-scan" - Stabilised in Azimuth. The unit automatically re-centres 
itself on the athwartships axis should the ships heading 
change by more than ±20°. For heading changes less than 
Retract & deploy ±20°, the unit may be re-centred by operation of the 
re-centre push-button. 
N.B. The unit may only be deployed or retracted when switched to this mode. 
MODE 3 - "search" - Stabilised in Azimuth. The stabilisation signal is 
is superimposed on to the manually operated search 
synchro. 
Unstabilised in Roll. 
MODE 4 - "search" Unstabilised in Azimuth, but under manual control. 
Unstabilised in Roll. 
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2. DEPLOYMENT AND RETRACTION PROCEDURES 
The deployment and retraction must be carried out from the Sonar 
Compartment. It is advisable to have someone observing the movement of 
the platform to ensure no cables or hoses are trapped and that the plat-
form is in the fore and aft position at all times during the operations. 
The Mode switch must be in Position 2. 
The Azimuth stays must be removed. 
A. Deployment 
1. Predeployment checks: 
(i) Check the HP oil reservoir level in Lower Hold. 
(ii) Check fresh water reservoir level in Sonar Compartment, 
and the outlet valve is open. 
(iii) Check air pressure to platform is 8h p.s.i. 
(iv) Check stays and bottle screws are not in use. 
(v) Check all cables and hoses etc. in sonar trunk are clear, 
(vi) Check in Alternator Room that Ft^ D HOLD 3PH FB breaker is in, 
if not see Electrician. 
2. Switch on 230V AC supply on forward bulkhead. 
3. On panel 5 operate 5 switches, and check all warning lights are on. 
(i) Gyro High Volts. 
(ii) Gyro Supply Low Volts. 
( i i i ) Power Supply 24v. 
(iv) Power Supply AC Gen. 
(v) Amplifier. 
4. On panel 3 operate 115V 400 switch. 
5. Check on panels 1 & 6 that switches are 'on' and associated 
warning lights on, also light on black power unit on adjacent rack. 
6. Switch CONTROL to ASDIC, panel 3. 
The following warning lights should be 'on'. 
(i) ASDIC. 
— 3 — 
(ii) HYDRAULIC PUMP. 
(ill) MECHANICAL LOCK ON. 
(iv) RETRACT. 
Note If LEAK detector warning light is flashing on and off 
continuously switch off all systems immediately. 
7. Put MODE switch to position 2. 
8. Reduce ship's speed to 2 knots. 
9. Press DEPLOY button on Control Panel 3. 
This will bring a change of the warning lights as follows; 
(i) WATER PUMP ON. 
(ii) MECHANICAL LOCK OFF. 
(iii) RETRACT OFF. 
10. When unit fully deployed the lights will be as follows 
(i) WATER PUMP OFF. 
(ii) HYDRAULIC PUMP ON. 
(iii) MECHANICAL LOCK ON. 
(iv) DEPLOY ON. 
11. Check water and oil pressure gauges in lower hold. 
Water should be 50-80 p.s.i. 
Oil should be 400 p.s.i. 
12. Switch MODE control to required position, see section ID. 
B. Retraction 
1. Pre-retraction checks 
(i) Check the stays and bottle screws are removed. 
(ii) Check all cables and hoses etc. in Sonar Trunk are clear, 
(iii) Check the HP oil reservoir level in Lower Hold. 
(iv) Check the fresh water reservoir level in Sonar Compartment. 
2. Put MODE switch to position 2. 
3. Switch CONTROL to ASDIC. 
The following warning lights should be 'on':-
(i) ASDIC. 
(ii) HYDRAULIC PUMP. 
(iii)MECHANICAL LOCK ON, 
(iv) DEPLOY. 
4. Reduce ship's speed to 2 knots. 
5. Press the RETRACT button. 
This will bring a change in the warning lights as follows 
(i) WATER PUMP on. 
(ii) MECHANICAL LOCK OFF. 
(iii) DEPLOY off. 
6. When the unit is fully retracted the lights should be as 
detailed in 2(a)6. 
2. Use of stays and bottle screws to maintain sonar pod 
in Fore and Aft position 
1. MODE switch must be in position 1. 
2. Switch off compass repeater on Bridge. 
3. Immobilise compass control on control panel in Sonar Compartment. 
4. Reduce ship's speed to 2 knots whilst fitting stays and screws. 
). Close down 
Switch off all 5 switches on panel 5 and isolate ship's AC supply 
on forward bulkhead. 
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3. ROUTINE CHECKS, SPARES, ETC. 
A. Drawings and Spares 
All drawings (electrical and mechanical) and spares are stored in grey 
boxes located in the Sonar Compartment. 
B. Bambi Air Compressor 
Located in the Sonar Compartment and supplies air at 10 p.s.i. The oil 
level should be checked once per week. The spare oil is kept in the above 
large grey box (a torch will be found to be useful) . Open drain valve on 
air reservoir to release oil and water. 
C. Checks during use 
Once per day check 
(i) The HP oil reservoir level and pressure is at 500 p.s.i. Top up 
with Tellus 33. 
(ii) Check air pressure to pod is 10 p.s.i. 
(iii) Check water level and gash in Sonar Trunk. 
D. When not in use 
It is recommended the equipment be switched on once per week and if 
possible deployed. 
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4. PROCEDURE FOR CHANGING SONAR PLATFORM 
A. Removal of Platform 
1. Switch off all power. 
2. Shut down pumps and close valves. 
3. Remove two black arms. 
4. Remove air leak hose, gauge and vent, add protective plugs. 
5. Remove cables, put in plastic bags, add blanks. 
6. Remove microswitches. 
7. Remove junction boxes and cables. 
8. Add locking handle. 
9. Remove hydraulic hoses. 
Ca) Starboard top on bulkhead to top cylinder. 
(b) Port bottom HP to Port cylinder. 
Leave hoses attached to platform. 
10. Remove hydraulic lock solenoid valve. 
Add dummy block with gasket, 4 screws. 
11. Remove staging. 
'12. Add spreader, with crane and ladder to fix centre of crosstree. 
Add support stops from top of junction box. 
Add vertical strops to Top Hat. 
13. Assemble stand or prepare space for temporary stowage. 
14. Remove platform from trunk. 
B. Replacement of Platform 
Follow instruction 4A in reverse order. 
5. DETAILED OPERATION OF PLATFORM CONTROL SYSTEMS 
A. General 
This new equipment has been designed to provide two independently roll 
controlled and stabilised transducer platforms, looking to port and starboard, 
providing a facility to accommodate a variety of transducers. 
The "pod" in which the platforms operate, is capable of deploying out 
of, or retracting into the hull profile as required for use. Fully deployed, 
the bottom of the pod is approximately 6 ft below the hull profile, but 
retracts into the ship's profile when not in use. Due to the large 
bending moment on the strut carrying the pod, it is only possible to 
retract or deploy the unit at ship's speeds below 2h knots. 
The water pressure required to retract/deploy the piston has deliberately 
been kept low to minimise damage to the pod should any wire or other 
obstacle get caught up on the equipment when in use, 
A "search" facility is also provided whereby the pod may be rotated 
in azimuth through ±60°, with or without azimuth stabilisation superimposed. 
As at present arranged, the pod can only be deployed or retracted when 
the "Mode" switch is in position 2. This position gives the fully stabi-
lised state (azimuth and roll) when fully deployed, although azimuth stabi-
lisation is rendered ineffective until the unit is in the fully deployed 
position. 
Two motor driven pumps are used for operating the equipment viz:-
(1) A 3 h.p. hydraulic pump giving a 1000 p.s.i. maximum supply to the 
hydraulic servo systems, and 
(2) A 10 h.p. centrifugal fresh water pump, maximum pressure 80 p.s.i. 
for the deploy and retract operation. 
These pumps are mounted in the lower forward hold and are switched remotely 
from the control stations. 
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Power for driving the pumps, and also for driving a 115V 400 Hz motor 
generator for the synchro supplies, is obtained from the ship's 3 phase 
50 Hz supply. 
The control system for operating the stabilised platform has been made 
as simple and automatic as possible, with interlocking features which 
prevent misuse of the equipment and subsequent damage. 
The servo systems are electro-hydraulic, having synchros for the 
signal derivation, and hydraulic semi-rotary vane motors, directly coupled 
to the axis of rotation, for producing power. Synchro indicators are also 
fitted to monitor positions of the platforms in roll and azimuth. 
Azimuth stabilisation is achieved by using a compass repeater motor 
drive off the main ship's gyro compass. A special sector-alignment feature 
is incorporated in the azimuth synchro chain, in order to prevent the pod 
rotating violently if the equipment should be switched on with large mis-
alignment between the compass heading and the ship. 
Roll stabilisation is derived from a roll gyro mounted in the 
"Gravimeter" room, this unit being the one originally used on the Mark II 
equipment. At a later date it is hoped that a smaller roll gyro already in 
hand will be fitted to the top of the side-scan unit, and hence rotate 
with it. This will allow tilt stabilisation when operated in the 'search' 
modes, which is not possible at present. 
Pour modes of operation are available to the user, selection being from 
either the Sonar Compartment or in the Electronics Lab. The four modes are:-
MODE 1 - "side-scan" - Unstabilised in Azimuth, the pod being "locked" 
to the ship's athv/artships axis. 
Stabilised in Roll. 
MODE 2 - "side-scan" - Stabilised in Azimuth. The unit automatically 
re-centres itself on the athwartships axis should 
the ship's heading change by more than ±20 . For 
heading changes less than ±20 , the unit may be 
re-centred by operation of the re-centre push-button. 
N.B. The unit may only be deployed or retracted when switched to this mode. 
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MODE 3 - "search" - Stabilised in Azimuth. The stabilisation signal is 
superimposed on to the manually operated search synchro. 
Unstabilised in Roll, but transducer plates may be set 
to required depression angles. 
MODE 4 - "search" - Unstabilised in Azimuth, but under manual control. 
Unstabilised in Roll (as in MODE 3) . 
The roll servos are operative at all times> even with the pod 'retracted'. 
The transducer plates may therefore be orientated for use in the 'echo-sounder' 
mode, with or without roll stabilisation with the pod retracted. 
A hydraulically operated mechanical locking arrangement is built in 
the equipment which locks the pod in the deployed or retracted positions. 
The operation of the lock is by a solenoid operated valve (U.V.), spring 
biassed to the closed position. 
B. Azimuth Control Synchro and Indicator Chains 
The circuits are shown diagraramatically on 5188-CD.2. 
(a) Servo Control Chain 
The Sperry compass repeater motor, mounted on the Sonar Compartment 
control panel has an output of i revolution per 2° ship's heading 
change. It is a 'stepper' type motor having 12 steps/rev., i.e. 
1 step = 10 min of arc ship's heading. This motor drives a size 23 
control synchro through a 180 ; 1 gearbox, in parallel with a size 23 
indicator transmitter to drive the compass repeater indicator in the 
Electronics Lab. A dial indicator (compass card) is also driven 
from the control synchro, via a resetting clutch so that the 
control may be initially aligned with the ship's compass. 
The 3 ph output from the azimuth control synchro is fed to a size 15 
differential transformer synchro which is driven from the automatic 
sector aligning switch arrangement (described later). The output 
of the differential synchro is then fed to three normally open 
contacts on 'E' relay, which afford switching of the signals either 
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from the compass motor driven synchro or from a 'zero' synchro with 
fixed rotor aligned to position the pod on the athwartshijfs axis. 
The three outputs from the 'E' relay change-over contacts are then 
fed to the blades of three further change-over contacts on the ' G' 
relays, which enable the signals (either compass or zero) to be 
passed either directly to the control transformer feed-back synchro 
in the pod, or via manually operated differential transformer synchros 
on the Sonar control panel or Electronics Lab control panel (depending 
on the state of 'K' relays). 
Whilst the pod is being deployed or retracted, the servo control 
is from the 'zero' synchro directly to the control transformer 
synchro on the pod, the pod is therefore locked to the athwartships 
axis. The azimuth control transformer synchro on the pod is driven 
at 1:1 ratio with the pod movement. An indicator transmitter synchro 
is also driven at 1:1 from the pod movement to provide outputs to 
the Indicators in both the Sonar Compartment and the Electronics Lab. 
(b) Sector-Alignment (see CD.1 bottom righthand corner) 
This facility is included to compensate for large ships heading 
changes during periods when the equipment is switched "off", and 
to automatically re-align the equipment when ship's heading changes 
of more than ±20° occur when side-scanning. It consists of a sector-
aligning switch and three cam-operated micro-switches, the cam 
(shown in Cni) being attached to the pod. 
The rotating contact of the sector aligning switch is driven by 
a 24V D.C. motor through a 24V magnetic clutch and 5750:1 gear box 
and is directly tied to the rotor of the sector-aligning differential 
transformer synchro. 
A rotating segmental contact, driven from the compass repeater 
motor and geared 1:1 with the transmitter synchro, is arranged 
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concentrically with the rotating contact, and makes contact over an 
arc of ±30° . Referring to circuit diagram CD. 1 it will be seen that, 
if the sector switch is "open" the ' E ' relays cannot operate, and 
hence the servo control signal is tied to the 'zero' synchro. 
However, in this state, when the pod is fully deployed, and hence 
contacts Cl and C2 are closed, 24v D.C. is applied to the 24V D.C. 
motor via contacts El and E2, and the motor will drive the sector-
aligning switch round (together with the differential transformer 
synchro) until the switch closes. The 'E' relays then close, 
switching the control signal on to the compass driven transmitter, 
and the pod will swing round to ±30° from its zero. When the 'E' 
relays operate, the 24V supply is switched to the three micro-
switches operated by the cam, and depending on the direction of 
misalignment, A or B relay will close and hence continue to drive 
the D.C. motor in a direction to centralise the pod. When it 
reaches alignment, micro-switch MS2 will change over and break 
the supply and hence stop the D.C. motor. The magnetic clutch in 
the D.C. motor drive is inserted to prevent 'over-run' of the 
motor, the sector aligning switch having a 'friction' pad built 
in to hold the synchros in their respective positions immediately 
the clutch breaks. Should ship's heading subsequently change by 
more than ±20°, the micro-switches will operate to energise the 
D.C. motor to bring the unit to centre alignment. If it is 
required to re-centre the unit after ship's heading changes of 
less than ±20°, a push-button has been provided to energise either 
relay A or B as appropriate to re-centre the unit. The sector-
alignment facility is only operative in MODE 2. In MODES 1, 3 and 
4 the pod is tied to the 'ZERO' synchro. 
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C. Roll Control and Indicator Synchro Chains 
(Drg. 5188 CD.3) 
The roll stabilisation signal is obtained from a size 23 synchro trans-
mitter, coupled 1:1 with the reference gyro movement. The 3 ph output 
signal from this transmitter is fed to three normally closed contacts on 
"C relay. The normally open contacts on the 'G' relay change-overs are 
connected to the 3 ph output of a size 23 'zero' transmitter synchro. 
These ' G' change-overs operate when the equipment is in the 'search' mode, 
thus making the roll stabilisation inoperative. From the 'G' relay contacts, 
the signal is split into both the port and starboard control circuits, 
passing through 'M' relay contacts to either tlie manual control in Electronics 
Lab or the Sonar Compartment as desired. From these the signals are passed 
to the Port and Starboard control transformers. The roll angles of the two 
independent transducer platforms may therefore be set independently of one 
another, having stabilisation superimposed or not, depending on requirement. 
The roll indicator transmitter synchro (size 23) is also mounted on 
the Gyro, its output being split to port and starboard units, to differential 
transmitters driven 1:1 with the roll axis of the transducer plates. The 
outputs from the differentials are then passed to indicator receivers in 
the Electronics Lab and Sonar Compartment. With this indicator arrangement, 
the ship's roll angle is not visible on the indicator receivers, since the 
reference transmitter is tied to the stabilised plane. If it is required 
to see the ship's roll angle, the transmitter output leads may be trans-
ferred to a 'zero' transmitter mounted in the control panel. These leads 
are available in the Sonar Compartment main junction box, and may be sub-
stituted as required. 
N.B. It is intended to modify this arrangement at a later date by inserting 
a 3 pole 2 way switch in the main junction box. 
D. Contro_l and Operation 
The control and operation of the unit is carried out by switches, push-
buttons and relays, and has been made as fool-proof as possible by interlocking 
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circuits as required. When first rigged into the ship, some trouble was 
encountered with volt drops down some of the long connecting cables between 
the Sonar trunk compartment, the Electronics Lab and lower forward hold. 
Relays 'T', 'V, 'X' and 'Y' were therefore added to cut down the volt 
drops, only relay operating currents passing through the long leads. All 
control relays are operated from 24V D.C,, except the interlock relay 'N' 
which operates from the 115V 400 cycle synchro supply. 
The main 24y D.C. control supply may be switched for control in either 
the Electronics Lab or Sonar Compartment by'a three position switch (centre 
'off') on the Sonar Compartment control panel. The position of the switch 
is indicated at both stations by indicator lamps 6 and 7. 
Relays K, L and M are energised only when control is switched to the 
Sonar trunk compartment, it being envisaged that the equipment would spend 
the majority of its life under control from Electronics Lab. 
Referring to circuit diagrams CD.l, all relay contacts are drawn in 
their unoperated state, as also are the micro-switches. 
Micro-switches MS.l, MS. 2 and MS. 3 are used in conjunction with the 
sector aligning switch arrangement described in B(b) . Micro-switch MS.4 
is on the mechanical locking mechanism and operates when the lock is fully 
'off. MS.5A operates when the unit is fully 'deployed'. MS. 6 operates 
when the unit is fully 'retracted'. MS.8 operates when the lock is fully 
'on'. MS.SB is used only for indicator lamp 4 showing the deployed position. 
Solenoid valves SV.l, SV.2, SV.3 and SV.4 are in the low pressure 
water circuit used to deploy/retract the unit (SV.l and SV.2 in parallel, 
and SV.3 and SV.4 in parallel). 
Indicator lamps are fitted to show the state of operation of the gear, 
being available at both control stations, as follows:-
Lamp No. 1 - lights when mechanical lock is fully 'on'. 
Lamp No. 2 - " " " " " " 'off'.. 
Lamp No. 3 - " " unit is fully 'retracted*. 
- 14 -
Lamp No. 4 - lights when unit is fully 'deployed'. 
Lamp No. 5 - " " sector alignment has been achieved 
(operates in modes 2 and 3 only) . 
Lamp No. 6 -
Lamp No. 7 -
Lamp No. 9 -
Lamp No. 10-
Lamp No. 11-
control is at Electronics Lab panel. 
" " " Sonar Compartment panel. 
water pump pressure is 'on'. 
hydraulic pump pressure is 'on'. 
water is detected inside pod casting 
or terminal box. 
N.B. Lamp No. 8 (originally fitted) is not now used. 
E. Initial Operational Test Procedure 
After fitting the unit into the ship and making all the necessary 
electrical and hydraulic connections, the operation of the unit should 
be checked by operating it from the Sonar Compartment. 
If the ship's compass gyro is running, the compass repeater on the 
control panel should be set to coincide with the master compass on the 
bridge. If the ship's compass is not running, the repeater may be set 
later. 
When trying to 'deploy' and 'retract' in harbour the Bridge should 
be informed to make sure that there is sufficient water under the keel 
for the pod to extend. Also check with Chief Engineer or Electrical 
Officer that the ship's A.C. supplies are on. The following switching 
sequence etc. should be followed. 
1. Make sure that control position switch on control panel is off 
(centre position). 
2. Switch mode switch to position 2. 
3. Ensure 115V 400 supply switch on control panel is 'off. 
4. Check water level in header tank in Sonar trunk compartment 
and that outlet valve is 'open'. 
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5. Switch on ship's 415V 3 ph supply to the control rack - switch box 
on port side bulkhead of Sonar Compartment - and 230V supply at 
forward bulkhead. 
5. Switch on 24V supply at power pack and at switch panel. 
7. Switch on gyro erection coil supply (20V) at power pack and on 
switch panel. 
8. Switch on gyro motor supply at switch panel. 
N.B. When supplies are switched 'on' at the switch panel, the various 
lights will indicate supplies 'on'. Allow 15-20 minutes for gyro to run up 
and stabilise to horizontal reference. The gyro is in the Gravimeter room 
and it should be checked occasionally for satisfactory operation, 
9. Whilst gyro is running up, go to forward lower hold and open the 
valves on the H.P. Pump Unit (pump supply, pump output, and the 
two valves in delivery and return pipes through the Sonar trunk 
wall). 
10. Open inlet and outlet valves on L.P. water pumps and the two 
valves on delivery and return pipes through the Sonar trunk wall. 
11. Return to Sonar Compartment. Switch on servo amplifiers on 
switch panel. 
12. Switch on power supply to A.C. generator (115V 400 ) on switch 
panel. 
N.B. Unit should now be ready for operation from control panel. 
13. Switch on 115v 400 ^ /synchro supply. The H.P. pump should now 
run as indicated by lamp when pressure exceeds 400 p.s.i. 
14. Switch control to 'Asdic'. Indicator lights should show: 
(a) Control in Asdic Compartment 
(b) Lock 'on' 
(c) Unit 'retracted' 
(d) Pod central 
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15. Press 'deploy' push-button. The L.P. water pump should now run 
as indicated by lamp when pressure exceeds about 30 p.s.i. 
16. After about 10 sees after L.P. pump light comes on, the lock 
will begin to move. This is shown by lock 'on' lamp extinguishing 
and after 2 or 3 sees the lock 'off light coming on. 
17. When lock is fully 'off, unit will begin to deploy. This is 
shown by the 'retract' light extinguishing. 
18. When fully deployed the 'deploy' light will illuminate and the 
lock begin to close, as shown by the lock off light extinguishing, 
and after 2 or 3 sees the lock 'on' light illuminating. The L.P. 
pump light will then extinguish. 
19. When the unit is fully deployed, the 'sector alignment' system 
will be switched in. It may take up to 15 sees for the switch to 
rotate on to its segment, which will be shown by the sector 
alignment lamp illuminating. When this happens, the pod will 
swing round in azimuth to about 30° off centre and then pull 
into the centre position- Itiis operation can be watched by viewing 
the azimuth indicator synchro on the indicator panel. 
20. When the unit has settled, check operation of roll manual controls 
by slowly rotating the port and starboard controls in turn and 
watching the effect on the relevant indicators. 
21. Check operation of azimuth re-centring circuits by manually 
rotating the compass dial through a small angle (less than ±20°) 
and pressing the re-centre push-button. The unit should return 
to centre each time. 
22. Check that unit will automatically re-centre when compass dial is 
rotated through an angle greater than ±20° (without pressing the 
re-centre push-button). 
23. If above is satisfactory - switch mode switch to Mode 1. The 
azimuth indicator should stay at 0°. 
N.B. In both Modes 1 and 2 the azimuth manual control is ineffective. 
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24. Switch to Mode 3 and check azimuth manual control will rotate 
pod through ±60°. 
25. Switch to Mode 4 and repeat. * 
26. Switch to Mode 2 ready for retract. 
27. Press retract push-button. The unit will now go through its 
sequence in reverse to 15-19 above. 
28. When fully retracted, condition should be back to that pertaining 
at 14, 
29. Switch control to E.L. (Electronics Lab). Close 24v switch on 
Electronics Lab panel. The sequence should then be repeated from 
that station, but it is wise to keep someone initially in the 
Sonar Compartment to watch that the operations are carried out 
satisfactorily. 
30. If everything is O.K., unit is ready for use. 
N.B. If ship's gyro compass has not been running during the tests 
above, the coapass repeater will have to be aligned with the ship's master 
compass before operational use of the equipment. 
F. Sequence of Operations in Detail (see I OS 5J.89. CD24) 
It is assumed that the equipment is switched on as given in "Initial 
operational test procedure" above, and that control is switched to the 
Electronics Lab station. 
1. Operation to deploy the unit (from Electronics Lab) 
Close the 24V switch on the Electronics Lab panel (SW.2). This will 
operate relay 'V, thus closing V l . 24v is therefore applied to relay 
contact Nl, which is controlled by the 'N' relay switched from the 115V 400 
cycle synchro supply. The Nl contact is therefore an interlock which pre-
vents hydraulic power reaching the servos before the synchro control voltage 
is present, hence preventing servo 'runaway'. The 115V 400 cycle motor 
generator is started by its starting relay (mounted on the ra/g set) , and 
switched on when its 13V field energising voltage is switched on at the 
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Sonar Compartment switch panel. When the 115V supply is switched 'on', 
Nl closes and hence relay 'U', (the H.P. pump starting relay), will operate. 
When the pump pressure reaches about 400 p.s.i., the H.P», press switch will 
close and thus energise relay 'T'. Tl contact will close and apply 24v to 
the control system, and also light lamp 10 indicating that the H.P. pump is 
running. In this condition, 24v is applied via the mode switch SW.4(i) 
(position 2) to the 'X' relay. Xl will be closed and apply 24V via Lll 
changeover and G2 break contact to the secondary 24v line, feeding MS. 6 , 
MS.5A etc. Since MS.6 will at this point be' operated (unit fully retracted) , 
relay 'S' will not be operated, but lamp 3 indicating the fully retracted 
position will be 'on'. 
Press 'deploy' push-button on E.L. panel. This will energise relay 'D' 
and operate the self-lock Dl, relay D will therefore remain energised when 
the push-button is released. 24V is also applied to relay 'W' through the 
rectifier diode RDl. Relay 'W' is the starting relay for the L.P. water 
pump in the lower forward hold. At the same time relay 'R' is energised 
thus closing Rl in the secondary earth line of the unlocking valve (the main 
earth is through the 'delay' switch), but since Si is 'open', the bypass 
earth is ineffective. Relay contacts D4 and D2 will close and thus apply 
24V to the L.P. pressure switch and to the centre of MS.4, the solenoid 
valves SVl and SV2 will therefore be operated. Relay 'H', which is in 
parallel with SVl and SV2 will not operate however since contact D3 breaks 
its earth return. Solenoid valves SVl and SV2 apply water pressure to the 
underside of the deploy/retract piston to take the weight of the unit off the 
locking gear. When the L.P. pump is at full pressure, the pressure switch 
closes and hence operates the delay timer, this is set to about 10 sees 
delay. After the 10 sees, the unlocking valve operates and tlie lock begins 
to move. Immediately after the lock begins to move, MS.8 changes over to 
the normally closed contact (it would have been on the N.O. contact since 
the unit was locked), thus extinguishing Lamp 1, and applying 24v to relay 
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contacts Jl, Hi and through RD.2 to the pump relay 'W (in parallel with 
RDl) . When the lock is fully 'off, MS. 4 will change over to NO, thus 
releasing SVl and SV2 and switching on SV3 and SV4. SV3 and SV4 apply 
water pressure to the top side of the deploy/retract piston and hence the 
unit starts deploying. Relay 'J' will also be switched with SV3 and SV4 
and will be held energised by its self-lock contact Jl, through MSG. When 
the unit is fully deployed MS.5A will change over, thus releasing relay 'D' 
and energising relay 'C . The water pump however will continue to run to 
keep water pressure on the piston, the pump'relay getting its supply via 
RD.2. When relay 'D' breaks, control voltage is taken off the unlocking 
valve, and hence the lock will close. Immediately after the lock begins 
to move, MS.4 will change over, but solenoid valves SV3 and SV4 are held 
open by the 24v through MS.8 and Jl. When the lock is fully 'on', MS.8 
will change over, thus releasing SV3, SV4 and relay 'J', and also the 
pump starting relay 'W', the pump will therefore shut down. 
When MS.5 changes over at full deployment, relay 'C' is energised, 
thus closing contacts Cl and C2. The Cl contact passes the 24V line via 
Gl, F6, L5, SW4{3), and LlO to the sector aligning switch segment, and 
via El to the 24v d.c. motor, which will therefore run until the contact 
makes contact with the segment. The 'E' relays are then energised via L9, 
SW4(2), and L7, thus switching the synchro control chain to the compass 
driven unit, and also switching in the cam operated micro-switches MS.l, 
MS.2 and MS.3. When the control is passed to the ship's compass synchro 
the unit will swing round to the 30° position, but the cam operated micro-
switches will quickly operate the D.C. motor through the 'A' or 'B' relay 
contacts to bring it into the central position, where both 'A' and 'B' are 
unenergised and hence the motor is stopped. 
The equipment is now fully deployed and operational in the side-scan 
mode, stabilised in both Roll and Azimuth. If the equipment is switched to 
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MODE 1, 'X' relay is de-energised and thus the 24v supply is removed from 
the 'E' relays. The Azimuth control synchro chain is therefore switched to 
t]:e 'zero' synchro, and the unit remains tied to the athwartships axis 
regardless of ship's heading changes. The roll stabilisation and manual 
controls continue to be effective. 
If the equipment is switched to MODE 3, ' Y' relay is energised, and 
hence the 24v is applied to the ' G' relays via Yl, L8 and C2. The 'E' 
relays are also energised via L6, SW4(2), and L7. The 24V supply to the 
sector aligning switch motor and cam operated micro-switches is broken by 
SW4 (3) . 
The control synchro chain is therefore from the compass driven synchro 
through the manual differential transmitter to the control transformer. 
The unit may therefore be rotated by hand, but will have Azimuth stabi-
lisation superimposed. 
If switched to MODE 4, 'G' relays are energised, but the 'E' relays 
are de-energised. The control is therefore from the 'zero' synchro, through 
the manual differential transmitter to the control transformer. 
2. Retracting the Unit 
As stated earlier, the unit can only be deployed or retracted in 
MODE 2. It is essential that ship's speed should not be more than 2h knots 
when deploying or retracting the unit. 
Press the 'retract' push-button. This applies 24V to the 'F' relays, 
which are held by the self-lock F5 contact. 24V is also applied through 
RD3 to 'W' relay and hence the water pump will start. Contact F2 feeds 24V 
to MS.SA and MS.6, but F6 breaks the supply to 'E' relays and hence the 
control synchro chain is switched to the 'zero' synchro and the unit will align 
and lock itself to the athwartships axis. Contact FL supplies 24V to the 
unlocking delay timer (assuming the L.P. pressure switch is closed). 
Contacts F3 and F4 change over to apply 24v to SV3 and SV4 via MS.4. 
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Relay 'J' will not operate since its earth is broken by contact F8, This 
will put water pressure on the top of the piston to keep the unit out 
against ship's heave whilst unlocking. After the time delay of about 
10 sees, the unlocking valve is operated and the lock begins to move. 
Immediately it moves, MS. 8 will change over to the NC contact, applying 
24V to the 'W' relay through RD2 (in parallel with RD3) and to the . 
contacts Hi and Jl. When the lock is fully 'off, MS.4 will change over, 
thus removing 24V from SV3 and SV4 and energising SVl and SV2. Relay H 
will be energised and will close its self-lock Hi (through MS.8) , the 
unit will therefore start to retract. Just after the unit moves upwards 
MS.5A will change over, thus releasing relay C and breaking Cl and C2, 
When fully retracted, MS.6 will change over, thus releasing the 
F relays and opening Fl contact, the unlocking valve will therefore 
return to centre and the lock will close. Whilst the lock is closing, 
water pressure will be maintained on the underside of tlie piston by SVl 
and SV2 still being energised via relay contact Hi. When the lock is 
fully 'on', MS.8 will change over and break the 24v line to SVl and SV2, 
hence opening Hi, and shutting down the water pump. The unit is now back 
to the condition at which it started. 
Relays R and S have been added to the circuit to prevent damage to 
the locking mechanism should the 24v control voltage be lost for any 
reason during the deploy/retract cycles. Back pressure valves are fitted 
in the water supply system so that if the 24v is lost at mid-traverse, 
the unit will stay at the shut down position, when the 24v is restored, 
however, it would be dangerous if the piston were allowed to move during 
the 10 sees or so that the unlocking mechanism would require to move. 
Since, in the mid-traverse position, micro-switches MS.5A and MS,6 are both 
unoperated, 24V would be applied to relays S and R, hence operating Si and 
Rl contacts which provide an effective short across the delay unit. The 
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unlocking valve will therefore operate immediately the 24v supply is 
restored to unlock the unit. The 'deploy' or 'retract' push-buttons can 
thereafter be subsequently operated as required. 
3. Servo Amplifiers and Operation (Circuit 5189-14) 
All three servo amplifiers (2 for Roll and Azimuth.) are similar in 
design, although different gains may be used for maximum operational stability. 
The misalignment signals are taken direct from the control transformer 
synchros and fed into Evershed & Vignoles type PA 323 demodulators- Reference 
voltages of 2^V-0-2^V at 400 cycles, derived from two purpose built trans-
formers fed with 115V 400 cycles, are used for the demodulators. The 
demodulated (D.C.) signal is then fed into the amplifiers where the signal 
is taken through a phase advance/phase retard network and hence to a straight-
forward D.C. amplifier and power output stage. A 600 cycle "dither" voltage 
is added to the D.C. amplifier input, and the power amplifier output before 
being applied to the 'MOOG' electro-hydraulic servo valves. 
The amplifiers are arranged as plug-in cards in a rack unit which 
contains the demodulators and power supplies (±12V D.C.) for the amplifiers 
(see circuit 5189-13). 
4. Gyro 
The gyro used (fitted in Grayimeter Room) has a wheel which is supplied 
with a 50V 50 cycle 3 ph supply, obtained from transformers connected to 
the 410v 3 ph 50 cycle ship's mains. The gyro supply unit is mounted on 
the control rack in the Sonar Compartment and is switched by a relay from 
the main switch panel. A 20V D.C. supply is also required for the 'erection' 
solenoids on the gyro, and this is obtained from a supplementary power pack 
on the control rack in the Sonar Compartment. 
5. 115V 400 cycle supply 
These synchro supplies are obtained from a motor-generator set mounted 
on top of the H.P. hydraulic pump unit in the lower forward hold. It is 
driven by a 415V 3 ph synchronous motor and is switched remotely via a relay 
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controlled from the control panel in the Sonar Compartment. The generator 
has two separate 115V 400 cycle outputs which have been used for the roll 
synchros and azimuth synchros respectively. A 13V D.C. supply to the 
generator field is obtained from a supplementary power pack again mounted 
on the control rack. 
6, Leak Detector Circuits (Circuit 5189-11) 
Two leak detectors are fitted in the underwater part of the unit, one 
in tlie servo control casting and the other in the transducer junction box. 
Should any water invade these compartments, indicator lights will show on 
both E.L. and Sonar control panels. In order to check the function of the 
detectors, a push-button has been provided on the E.L. control panel, which, 
when pressed, will cause the indicator lights to flash at about 1/sec. The 
circuit board for the leak detectors is a plug-in board in the servo-amplifier 
rack, marked "Auxiliary". 
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SIDE-SCAN SONAR MK III 
CONTROL CIRCUITS 
"RELAYS" 
JBLAY 
R 
OHMS 
CONTACTS USED POSITION FUNCTION TYPE 
A 400 4C M 20 Relay Panel Re-centres from Port Londex 
24V HP 40 
B 4C 3M II 11 Re-centres from Stbd 
C 40 2M B l l 11 Pod deployed I t 
D II 4C 3M B I I I I Deploy I t 
El II 4C 30 M I I II ) 
. ) 
Sector aligned 
I I 
E2 11 40 2C II 
EM 700 40 a2 2M Sonar comp JB Manual aligned RS Type 45 
Fl 400 4C 20 2M Relay Panel ) 
) 
Londex 
Retract 24V HP 40 
F2 II 4C M 2B I I II 
Gl II 40 2B 20 II . ft ) 
) 
f l 
G2 rr 40 30 B II f l 
Mode 3 & 4 #f 
G3 4C 30 11 f l 
) 
Roll Gyro/Zero f l 
H 600 2C M II I I Replace retract button Londex 
24V LP 20 
J 2C M II I t Replace deploy button 
Kl 400 4C 40 11 U ) 
) 
Lab/Trunk 0/0 Londex 
24V HP 40 
K2 40 30 M II f l ) For Azimuth Control 
Ll 40 40 II I t ) 
) 
) 
L2 M 40 30 11 I I 
Lab/Trunk C/O 
for control 
L3 11 40 30 II II 
Ml II 40 40 ) Lab/Trunk C/O 
M2 40 4C II 11 ) for roll posn 
II 
M3 40 40 II f l 
) synchros II 
N llOV Coil 20 M 11 II 115V 400 Alt started 
P 600 2C 2M f l f l Manual recentre Londex 
24V HP 4 
R1 700 20 N Sonar Comp JB High Pressure On RS 348 9 
R2 2C M 11 f l fs Lab 24v on 
R3 I I 2C M I I f l f l Low Pressure on 
R4 11 2C M I I II f l Pod on Azimuth Zero 
Si 1100 20 2M Auxiliary Ccts ) 
) 
RS 349 : 
S2 20 2M I t f l 
Delay Overide f l 
U 2C 2M LP Starter Frd Hold Starts HP Hyd. pump 
w 2C 2M 11 11 11 f l " LP water Pump 
WL 
137 
(6V) 20 BM 
Auxiliary Ccts Leak Detection & Warning AE 132 
Z 2C 2M By Starter Frd Hold Starts 115V 400 Alt. 
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1. CEIjERAL DESCRIPTION 
(a) Position of Equipment 
The majority of the equipment is fitted in three locations:-
(i) Electronics Laboratory - recorders, receiver consoles and remote 
platform control. 
(ii) Sonar Compartment - transmitter units and main platform control gear, 
(iii) Sonar Trunk - sonar platform with transducers (Figs, 4, 5). 
(b) 37 kHz Side-Scan System 
The 37 kHz side-scan transducer is mounted on the PORT plate (Fig. 5), 
driven by the transmitter (Fig. 1) in the Sonar Compartment and echoes 
displayed on the right side of the Mufax recorder after being processed by 
the receiver (red labels) in the lower console (Fig. 2) . 
(c) 31 kHz Side-Scan System 
The 51 kHz side-scan transducer is mounted on the STARBOARD plate (Fig. 5} 
driven by the transmitter (Fig. 1) in the Sonar Compartment and echoes dis-
played on the left side of the Mufax recorder after being processed by the 
receiver (green labels) in the lower console (Fig. 2). 
(d) 31 kHz Echo-Sounder System 
Two additional 31 kHz transducers are mounted beside the side-scan trans-
ducer (Fig. 5} CO produce a square beam. A switch to produce the conversion 
is mounted on the left side of the 31 kHz transmitter unit (Fig. 1). The 
electronics and recorder are as for side-scan working. 
(e) Sonar' Platform System 
The platform mounted in the Sonar Trunk is illustrated in fig. 4 and 
consists of a fibre glass pod inside which there are two fore and aft trans-
ducer plates which can be independently tilted and stabilised againsr the 
roll of the ship. The pod is mounted on a single shaft and when not in use 
can be housed inside the hull. When deployed motion and stabilisation in 
azimuth is also possible. 
A vertical seeking gyro (Roll Unit Type C) is located in the Gravimeter 
room to control stabilisation of the transducer plates. 
The main control panel is located in the Sonar Compartment and provides 
automatic control of the hydraulic motors, gyro and platform. A remote 
control panel is provided in the Electronics Lao for use during surveys. 
Interlocks ensure that only the Main or Remote panel is in use at any one 
time. 
2. OPERATING PROCEDURES 
(a) Side-Scan Operation 
(i) General 
The port and starboard systems (37 kHz and 31 kHz resp) may be operated 
independently at the same time. The only restriction is that both must 
operate on the same range scale. The Mufax recorder display has the port 
record on the right hand side and the starboard on the left hand side so 
that the record is correct when compared with the ship's track. 
(ii) Position of Switches and Controls 
Power Supplies All switches on 
All lamps should glow 
+12V ; 0.3A 
-12V : 0.2A 
36V : about 0.1-0.2A 
The 36V pointer will swing to full scale, when each of the 
36V switches is put on and then slowly return to 0.1 A. 
Port and Starboard Receiver Electronics 
RECEIVER AND TVG 
TRIGGER MODE 
DISPLAY 
AGC SPEED 
TVG SLOPE 
SWEEP RANGE 
TVG 
+ve 
Linear 
Not used 
To suit (7) 
To suit (1) 
On 
BAND PASS FILTER 
PULSE LENGTH To suit (3) 
GATING 
Tx : On 
Lamp will flash during triggering. 
TAPE/PHASE For depths less than 2500 m 
L.H. switch : RECORD 
Middle switch : NORMAL 
R.H. switch : N/A 
For depths greater than 2500 m 
see 2(iii)(v). 
MARKING AMPLIFIER 
PRINT 
MANUAL MARK 
-lOOV 
MAINS 
To suit (6) 
As required 
On 
On 
- 2 
Mufax 
TRIG 
FREQUENCY 
LINES PER INCH 
Range switch 
TIME MARK 
SWEEPS 
ZERO RANGE 
INT 
To suit (4) 
To suit (2) 
To suit (5) 
Transmitters (Sonar Compartment) 
T/X : On 
POWER LEVEL : 68 
LOAD . : TRANS 
36V : On 
Starboard only, L.H. switch ; SIDESCAN 
(iii) Knob Twiddling 
It will be seen in the above list of switch positions that there are 
7 controls for an operator to twiddle, and these will be discussed in 
roughly the order they should be considered. 
Control 
1 & 2 SWEEP RANGE switch on the RECEIVER & TVG module and the Range 
switch on the Mufax (set to the same value) . The Recorder 
Range is largely determined by the depth of water, a rough 
rule is Range = 10 x Depth. Other factors will be bottom slope, 
refraction of sound beam (usually to reduce the range), inten-
sity of the echo 
motion. 
returns and noise due to sea state or ship 
PULSE LENGTH 
This parameter is primarily determined by the Recorder Range, 
another rough rule is Pulse Length = Range/500 and choose the 
nearest length available. Again the choice will be affected 
by the situation. A shorter pulse will increase the resolution 
but reduce the signal and increase the noise and of course the 
converse conditions exist for a longer pulse. 
Note:- The 2 mS and 5 mS pulse lengths should not be used with 
the 200 m and 500 m ranges. 
LINES PER INCH 
In general for the shorter ranges the 62LPI will be used, 
however for the 2500 m range, possibly at times for the 1500 m 
range a better record is obtained by using 48LPI instead. 
TIME MARK SWEEPS 
The time mark facility is initiated by a short circuit applied 
to the S/C T/M IN terminals from the ship's clock every 
10 minutes. 
The print out consists of a series of short dashes 50 m apart 
and long dashes 500 m apart. The number of sweeps displayed 
being chosen by the operator. Usually this is 3 or 4 but for 
light records 1 or 2 will be sufficient and for confused or 
noisy records 5 or more may be necessary. 
Control 
For a particular survey all the above controls tend to remain 
fixed and so a watch keeper will usually only have to worry 
about the effects of the 
6 & 7 PRINT and TVG SLOPE 
controls and the Tilt Angle control, section 2.iv. 
For a given tilt angle, to produce the best record the following 
procedure is suggested:-
(a) Decrease the gain of both the PRINT and SLOPE controls to 
produce a white record. 
(b) Increase the PRINT control to produce noise or echoes at 
extreme range. 
(c) Increase the slope control to produce marking across the 
record to zero range. 
(d) Adjust the PRINT control to produce the required overall 
level of marking. 
(iV) Tilt Angle Controls 
Tilting is the facility which enables the recorder to be used to its 
full width. On the continental shelf where the "Range = 10 x Depth" rule 
applies the tilt angles will be 10° or less. Deeper than about 250 in how-
ever this rule cannot apply and an angle has to be used given by 9 = sin~^ 
Water Depth/Range. For convenience a plot of this function for all ranges 
has been produced, see Fig. 6. This plot can be used as a "first go" at 
setting the angle. The actual value will depend on bottom slope, refrac-
tion of the sound beam, intensity of bottom echoes, etc. 
The port and starboard plates have independent tilt controls, thus for 
instance if the ship is steaming along the edge of the continental shelf, 
the plate one side can be set at a shallow angle to look along the shelf and 
the opposite side plate set steeper to view down the slope. 
(v) Depths greater than 2500 m 
When the water depth is between 2500 and 5000 metres and the bottom 
echoes are strong, more efficient use of the recorder may be obtained by 
employing the phasing facility as follows:-
On the TAPE/PHASE module put the middle switch to GATED and the RH 
switch to PHASE 2. This removes the first phase scattering layer echoes 
and allows display of the second phase bottom echoes. The required tilt 
angle is calculated from 9 = sin~-'^/5000, where D is the water depth. 
Annotation of the record regarding depth is essential. 
(vi) Mufax Paper and Blades 
(a) Paper 
The boxes of paper are scored in the Constant Temperature Laboratory 
with the rolls for the PES ('A' type). The side-scan paper is ' H' type 
and marked for side-scan use only. Make sure the roll is inserted in the 
Mufax so that the feed is upwards from the rear of the roll. The lOOV from 
the Markina Amplifier should be switched off while the Mufax door is open. 
(b) Blades 
Two spare holders are provided and can be fitted with blades ready 
for use. Make sure the blades are against the holder end stop and the 
holders located properly in the Mufax. Blades should be changed frequently 
and checked every watch. 
A Mufax Operating Handbook is in the top drawer with the blade holders 
and spare blades. 
_ _ 
2(b) Echo-Sounder Operation of the Side-Scan System 
Tilting the plates to 90° will point the transducers vertically downward 
and an echo-sounder mode is obtained - but using an athwartships fan-shaped 
beam. 
A square beam can be utilised if required on the starboard side (see 
section Id) to reduce the distortion of the fan beam. 
The operating controls will be as for side-scan working with the following 
exceptions. 
(i) Starboard Transmitter (Sonar Compartment) 
L.H. switch : ECHOSOUNDER 
The T/X switch should be put off during the changeover. 
(ii) Mufax 
HALF RANGE triggering may be useful if the depth is a multiple 
of the range scale. 
(ill) TAPE/PHASE 
Operation of the lower middle switch to GATED provides a trans-
mission pulse every second sweep. Echoes from either the first 
or second phase may be selected by the adjacent switch. This 
facility enables either first phase scattering layer returns 
or even-phase bottom echoes to be displayed without being confused 
by the other. Annotation of the record regarding phase and/or 
depth is essential. See Fig. 7 for recommended range/phase com-
binations . 
C 
3. ROUTINE CHECKS 
(a) Cleaning Mnfax Helix 
This is best carricd out when inserting a new roll of paper. Remove the 
front plate and carefully rub each helix in turn with a damp tissue starting 
from the centre and rotating the helix in an upward direction. A small amount 
of Brasso may be used first if staining is particularly bad. This should be 
carried out every 1 or 2 days. 
(b) Cleaning Perspex 
A small amount of Brasso on a tissue is the most successful method, 
followed by a damp tissue to remove streaks, etc. 
Carry out as required. 
4. FAULTS 
(a) Leak Indicator 
It is important that the operator is aware of the LEAK DETECTOR lamp 
on the POD & PLATE CONTROL CONSOLE. Water leaking into the motor and 
junction box compartments on the pod will cause the lamp to flash. 
To theck the circuit is in working order press the LEAK TEST button 
and the lamp should flash. 
(b) Circuit diagrams 
Two handbooks are located in the drawers under the Mufax and these 
contain circuit diagrams and electronic data. 
(c) Mufax Drawings 
The Mufax was purchased with all equipment and wiring for its original 
purpose as a picture receiver. Modifications were made for oceanographic 
use and these are detailed on Drawings MU1-MU3 to be found in either of the 
system handbooks. These drawings should be read in conjunction with the 
Mufax handbooks when fault finding, 
(d) Helix Squeaks 
From time to time (especially when first using the Mufax recorder after 
a long period of inactivity) a squeak can be produced by the slip rings on 
the left side of the helix. A small amount of "WD40" applied on to the slip 
rings using the plastic tube supplied will provide an instant cure. 
(e) "First Aid" Situation 
The Port and Starboard modules are interchangeable except for the 
LOCAL OSC modules. 
(f) Spares 
Electronic components are contained in a white "tool type" box and 
mechanical details in a padlocked wooden box, both located under the 
Electronic Lab benches. 
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R.R.S. DISCOVERY 
5. REMOVAL OF SIDE-SCAN ELECTRONICS 
Sonar Compartment 
1. Remove Port and Starboard cables between Trunk wall and platform 
top junction box, coil & lash (no. 1) (lash with the other 3 Trunk cables?) . 
2. Put blanking plates & rubber gaskets on Trunk plugs and stainless 
steel caps on cable plugs. These will be in either (a) drawers in cage or 
(b) drawers under Mufax in Electronics Lab. 
3. Put blanking plugs on 12 way Plessey plugs and sockets. These 
should be in the drawers mentioned in 2. 
4. Remove cables between side-scan transmitter; and junction box in 
corner. Coil up & lash (no. 2). 
5. Remove both side-scan transmitters, leave screws in rack. 
Electronics Lab 
6. Remove cables between Mufax & Control unit, coil & lash (no. 3) . 
7. Remove cables between Control unit & junction box on Aft bulkhead. 
Remove Time mark lead between Mufax & Frd junction box. Coil together & 
lash (no. 4). 
8. Unbolt Mufax from bench & bolt in box. Put spare bolts in box. 
9. Unlash Control 'onit from bench & put into aluminium box on its 
side, front of unit to back of box & bottom of unit to one side. 
10. Put transmitter units into aluminium box together with cable coils 
2, 3 and 4. 
11. Put the following into the Mufax box:-
(a) Mufax mains lead ' 
(b) plastic cover 
(c) Spare paper take-up spool (check there is also one on Mufax). 
(d) 3 tubes of spares blades 
(e) 2 spare sets of blade holders (3rd set in Mufax) 
(f) Mufax handbook and 3 or 4 manuals 
(g) Side-scan & servo control handbooks 
(h}- All plastic Mufax tubes in sight. Check in lil drawers & plot, 
(j) Any other item thought to be part of the system. Most of these 
will be in the drawers under the Mufax. 
Constant Temperature Lab 
12. Locate & remove all boxes of Mufax paper marked "Side-scan use only" 
(Type H). 
- 9 
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APPENDIX C 
TRANSDUCER BEAM PATTERNS 
ULIfMNgl.r'V" 
INSTITUTE OF OCEANOGRAPHIC SCIENCES 
R.D.V. CRYSTAL 
Tests on Sidescan Transducer, Telesounder Transducer and MIcIIl Pod assembly 
14th February to 4th March 1977 
TrR/lbJSI)U(]]3IiS ( 
1, 30 KHz 1 off Im X 100mm x 60mm 3° x 40° 
2, 36 KHz 1 off Im X 95mm X 60mm 2^° x 40° 
3, 250 KHz 4 off 350mm x 50mm x 45mm 2° x 70° 
When 2 - 250 KHz Transducers a r e used in the interference mode the spacing is 200mm 
between centrelines. 
B HEAVY EQUIPMENT 
1. Pod F r a m e 4$' x 3' x 2' weight 12cwl 
2, Pump 3' X 1' X 1' weight 2cwt 
C ]KHVERSLD%%JES 
1. 23Ov 50 - 5 amps for electronics and hydraulic motor 
2. 115v 400'--' - 5 amps fo r synchro chains 
3. 24-28v DC - 5 amp for leak circui t 
D TTISST ]3E()lJIRi;h/[]3r<TS 
1. Directivity measurements fo r : -
(a) hidividual Transducers 
(b) Effect of mounting plates 
(c) Effect of pod f r a m e 
(d) Effect of f ibre glass shells 
as pe r attached schedule. 
2. Training ra te 30°/min. , with possibly lower ra te if found necessary. 
3. Polar and rectangular plates required, but probably not f o r all runs. 
13 liviiiiyvwiitis 
All brackets to be supplied by I. O. S. 
P PERSONNEL 
1. Nk. A. R. EkuWw ykwusMrs FuUthne 
2. h&8. J. (1 Legg ' 
3. to be decided Workshop 1 /2 weeks 
4. Air. B. H. Hart Drawing Office 1/2 days early 
5. Mr. E. P. Collins Design 1 /2 days middle 
A. R. Stubbs 
18th January 1977 
Wormley, 
Godalming, 
Surrey 
SERIES RUN 
1 
2 
3 
4 
5 
6 
7 
9 
. 1 0 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
TRANSDUCERS 
36 
30 
36 
30 
T1 
T2 
T2-T1 
36 
30 
T3 
T4 
T4-T3 
T1 
T2 
T2-T1 
36 
30 
T3 
T4 
T4-T3 
21 T1 
22 T2 
23 T2-T1 
24 36 
25 30 
26 T3 
27 T4 
28 T4-T3 
ASSEMBLY 
Angle 'A' 
A 
B 
B 
Jury Port 
Plate Star 
No Shells Port 
Star 
MODE 
H 
H 
V 
V 
H 
H 
H 
H 
V 
V 
V 
V 
H 
H 
H 
H 
V 
V 
V 
V 
H 
H 
H 
H 
H 
H 
H 
H 
TILT 
ANGLE 
0 
0 
0 
0 
0 
0 
0 
0 
COMMENTS 
Transducer alone 
T /Ds 36, T1 and T2 all 
mounted on jury assembly 
Turned through 90' 
T/Ds 30, T3 and T4 aU 
mounted on plate 
Turned through 90' 
Port and Star assemblies 
mounted in pod 
29 T1 
30 T2 
31 T2-T1 
32 36 
33 30 
34 T3 
35 T4 
36 T4-T3 
37 
38 
39 
40 
41 
42 
43 
44 
T1 
T2 
T2-T1 
36 
30 
T3 
T4 
T4-T3 
Shells Port 
Star 
H 
H 
H 
H 
H 
H 
H 
H 
0 
0 
0 
0 
0 
0 
0 
0 
Runs 29-36 as for runs 
21-28 but with shells 
Shells Port 
Star 
V 
V 
V 
V 
V 
V 
V 
V 
0 
0 
0 
0 
0 
0 
0 
0 
For the remainder of the 
tes ts the pod is turned 
through 90° 
- 2 -
SERIES RUN TRANSDUCERS ASSEMBLY MODE 
TILT 
ANGLE COMMENTS 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
T1 
T2 
T2-T1 
36 
30 
T3 
T4 
T4-T3 
T1 
T2 
T2-T1 
36 
30 
T3 
T4 
T4-T3 
T1 
T2 
T2-T1 
36 
30 
T3 
T4 
T4-T3 
T1 
T2 
T2-T1 
36 
30 
T3 
T4 
T4--T3 
Shells Port 
Star 
V 
V 
V 
V 
V 
V 
V 
V 
10 
10 
10 
10 
10 
10 
10 
10 
Port 
Star 
V 
V 
V 
V 
V 
V 
V 
V 
20 
20 
20 
20 
20 
20 
20 
20 
Port 
Star 
V 
V 
V 
V 
V 
V 
V 
V 
45 
45 
45 
45 
45 
45 
45 
45 
Port 
Star 
V 
V 
V 
V 
V 
V 
V 
V 
90 
90 
90 
90 
90 
90 
90 
90 
Runs 45-76 as for runs 
37-44 but with tilt angle 
varied f rom 10°-90° 
77 T1 
78 T2 
79 T2-T1 
80 36 
81 30 
82 T3 
83 T4 
84 T4-T3 
No Shells Port 
Star 
V 
V 
V 
V 
V 
V 
V 
V 
0 
0 
0 
0 
0 
0 
0 
0 
Runs 77-84 as for runs 
37-44 but without shells 
85 T1 
86 T2 
87 T2-T1 
88 36 
89 30 
90 T3 
91 T4 
92 T4-T3 
Port 
Star 
V 
V 
V 
V 
V 
V 
V 
V 
10 
10 
10 
10 
10 
10 
10 
10 
Runs 85-116 as for runs 
77-84 but with tilt angle 
varied f rom 10°-90° 
Compare resul ts of runs 
77-116 with runs 37-76, 
with shells 
-3-
TILT COMMENTS SERIES RUN TRANSDUCERS ASSEK/mLY MODE ANGLE 
9 93 T1 No Shells Port V 20 
(contd. ) 94 T2 I I I I I f V 20 
95 T2-T1 V 20 
96 36 
I I I I M V 20 
97 30 :%ar V 20 
98 T3 
tt » i I t V 20 
99 T4 
I I H I t V 20 
100 T4-T3 
11 11 I I V 20 
101 T1 Port V 45 
102 T2 
11 I t 11 V 45 
103 T2-T1 
n 11 11 V 45 
104 36 
I I I f «» V 45 
105 30 :%ar V 45 
106 T3 
11 I I I f V 45 
107 T4 tt I t I t V 45 
108 T4-T3 
I t I t I t V 45 
109 T1 Port V 90 
110 T2 i r 11 I t V 90 
111 T2-T1 
11 I t I t V 90 
112 36 V 90 
113 30 ;%ar V 90 
114 T3 V 90 
115 T4 V 90 
116 T4-T3 V 90 
10 117 T1 Port V 0 Runs 117 to 136 as f o r runs 
118 T2 I I I t t t V 0 77 to 116, port side only. 
119 T2~T1 
I I I f f t V 0 with jury r ig removed and 
120 36 V 0 tranducers f lat on plate 
121 T1 
n 11 I t V 10 
122 T2 
If I t t f V , 10 
123 T2-T1 I I I t f f V 10 
124 36 I f I t f t V 10 
125 T1 I I I t I t V 20 
126 T2 
I t I t f f V 20 
127 T2-T1 
f i 11 I t V 20 
128 36 
I t I t f t V 20 
129 T1 I I I I f t V 45 
130 T2 f i t t t i V 45 
131 T2-T1 ( t I t I f V 45 
132 36 I I I t f t V 45 
133 T1 I f I t I I V 90 
134 T2 V 90 
135 T2-T1 11 11 f t V 90 
136 36 If I t I t V 90 
11 137 T1 Shells Port V 0 Runs 137 to 156 as for runs 
138 T2 t f I f V 0 117 to 136 but with shells 
139 T2-T1 If I f V 0 
140 36 I t I f V 0 
* " 
SERIES RUN 7RANDUCERS 
11 
(contd.) 
12 
13 
14 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
T1 
T2 
T%-T1 
36 
T1 
T2 
T2-T1 
36 
T1 
T2 
T2-T1 
36 
T1 
T2 
T2-T1 
36 
T1 
T2 
T2-T1 
36 
T1 
T2 
T2-T1 
36 
T1 
T2 
T2--T1 
36 
T1 
T2 
T2-T1 
36 
ASSEMBLY 
Shells Port 
No Shells Port 
If ft 
I t t f 
ti tf 
Plate Port 
MODE 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
y 
V 
V 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
V 
V 
V 
V 
TILT 
ANGLE 
10 
10 
10 
10 
20 
20 
20 
20 
45 
45 
45 
45 
90 
90 
90 
90 
0 
0 
0 
0 
0 
0 
0 
0 
COMMENTS 
As for rims 117 to 120 
but pod back in normal 
position 
As for runs 157 to 160 
but without shells 
Tranducers 36, T, and 
T2 , mounted on plate 
Turned through 90° 
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APPENDIX D 
CORRELATOR PROPOSAL FOR 
31 KHZ SIDE-SCAN SONAR AND ECHO-SOUNDER 
Correlator Proposal for 31 kHz Side Scan 
Sonar and Echosounder Signals 
Object 
The purpose of the correlator is to increase the signal to noise 
ratio of the 31 kHz side scan and echosounder signals and hence increase 
the range of the records presently obtained from 'R.R.S. Discovery'. 
proposal 
Transmission of an P.M. swept sine wave of length T and bandwidth B 
will give a gain of BT (10 log BT dB) if the received signal is correlated 
with a reference pulse. 
Fig. 1 shows the gain required for increasing the range of the 
31 kHz system when it is used for echoranging and echosounding. Using 
evidence from Cruise 96, it seems that, with a bandwidth of 200 Hz and 
no processing gain, the equipment receives echoes from 3000 m when echo-
ranging in a depth of 2000 m, and from 5000 m when echosounding. 
Fig, 2 shows a complete correlation system for an P.M. swept sine 
wave to produce a sin x/x output. There is a choice of carrier frequency, 
fc, for the processing signal. If fc = 0 HZ then the full system, 
4 filters, is needed and the sampling frequency, fs, equals the band-
width, B. If fc = ^/2 and fs = 2B the system can be reduced to 2 filters 
for the BT products considered, resulting in only a small error as 
suggested in ref. (1). 
Models of the 2 filter and 4 filter systems were produced on the 
PET computer. Included in the model was an option for a Hamming weighted 
reference to reduce the side lobe level. Some of the results are shown 
below:-
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Weighting Uniform Hamming 
Number of filters 2 4 2 4 
Bandwidth B 500 500 500 500 Hz 
Pulse length T 200 200 200 200 ms 
Sampling frequency fs 1000 500 1000 500 Hz 
Side lobe level -13.5 -13.5 -32 -36.5 dB 
Output 3 dB width 1.8 1.8 2.6 2.6 ms 
(1) Resolution 2.0 3.4 4.5 5.0 ms 
(2) Fluctuation 0.6 to 
-1.5 
0 to 
-3.9 
0.1 to 
-0.5 
0 to 
-1.7 dB 
Mismatch 0 0 — 1.3 -1.3 dB 
(3) Time shift due to 0.4 0.4 0.4 0.4 ms/Hz 
Doppler T/B 
CI) Two pulses are defined as resolved when there is -3 dB 
amplitude change in the time separating them. 
(2) This is due to the sample not always being taken at the 
correlation peak and in the case of the 2 filter system also 
includes the error in using 2 filters instead of 4. 
(3) Doppler causes an error in fc, the carrier frequency; 
this error can also be caused by a shift in the mixer frequency. 
Fig. 3 shows a proposal for the generation of a swept sine wave 
which will allow flexibility. If the addressing rate to the PROM is 
changed by a factor N, the centre frequency changes to N x 1 kHz and 
therefore, by altering the mixer reference frequency, a pulse can be 
produced which has a bandwidth NB and a length T/N. On reception a 
change in sampling rate compensates for this. Hence the resolution and 
transmission pulse length can be altered to suit the mode of operation. 
Consider analogue and digital methods of producing the correlator 
Analogue 
Two devices have been discovered which could perform tlie correlation. 
(1) TAD 32 - this is a bucket brigade 32 tap delay line which can 
be connected in series. 
(2) Analogue CCD-(charge coupled device) delay line with premasked 
sine and cosine references, which have 100 taps. These devices are now 
being made by G.E.C. Hurst research laboratory and will be available in 
the next few weeks. 
Digital 
(1) Microprocessor - there are too many operations to be performed 
in real time. 
(2) CCD digital delay line CCD 450 - a solution using CCD digital 
delay line as a recirculating store has been proposed in ref. (2) . A 
block diagram is shown in fig. 4. 
Device 
Minimum Bandwidth 
BT 
Number of filters 
Weighting 
Dynamic 
Range 
Analogue 
TAD 32 
500 Hz 
(16 per I.e. 
2 or 4 
Variable 
/w 50 dB 
Analogue 
G.E.C. CCD 
500 Hz 
100 
4 
Constant or 
Dolph Chebyshev 
50 dB 
Digital 
CCD 450 
100 Hz 
<1000 
2 or 4 
Variable 
8 bit 50 dB 
12 bit 70 dB 
Advantage (1) BT variable by (1) Taps premasked (1) Dynamic range 
connecting devices (2) 2 filters per can be increased 
in series I.C. by extra hardware 
(3) Only clocking (2) High BT 
electronics, mixers 
and 1/5? + for 
complete system 
Di s advan tage (1) Tap weights 
set by resistors 
(2) Summing amp-
lifiers required 
(1) Fixed BT (1) Complexity of 
hardware 
Conclusion 
• The TAD 32 delay lines require the tap weights to be set up with 
resistors and compared with the analogue CCD system have no major advantages. 
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The choice is therefore between the digital and analogue CCD solutions. 
Both systems will cost "E500 for the power amplifier, preamp, 
filters, etc. and take about 4 months to design and build. The cost of 
the processing electronics will be ^E500 in each case and the development 
time, which is difficult to estimate, will be about 2 months and 4 months 
for the analogue and digital systems respectively. 
Since the cost is the same for each system the final decision will 
be based on the time which can be allocated to the project and the improve-
ment in range required. Fig. 1 shows the range options available for each 
system and the amount of record which will be blanked out by the trans-
mission pulse. 
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APPENDIX El 
SIDE-SCAN CIRCUIT DRAWINGS 
rwv?—V 
SIDE-SCAN SONAR SYSTEM 
Contents 
Receiver and Transmitter Power Supplies 
Schematic 
Receiver Unit 
Receiver and Time Varied Gain 
4 kHz Bandpass Filter 
Gating 
Receiver Local Oscillator 
Tape Phase 
Marking Amplifier 
Transmitter Unit 
Pulse Power Amplifier Drive 
Pulse Power Amplifier 
preamplifier 
RRS DISCOVERY - Electronics Lab: 
Side-scan Sonar Junction Box 
RRS DISCOVERY - Sonar Compartment: 
Side-scan Sonar Junction Box 
Dual Helix Mufax Modifications 
Frequency Divider Chain for Speed Change on Mufax 
Time Mark Circuit for Side-scan 
Top Pod Junction Box Wiring 
Transducer Junction Box Wiring 
Sonar Compartment Signal Junction Box 
Sonar Assembly Equipment and Wiring 
S/Sl 
S/S2 
S/S3 
S/S4 
S/S5 
S/S6 
S/S7 
S/S8 
S/S9 
S/SIO 
S/Sll 
S/S12 
S/S13 
S/S14 
S/Si5 
MUl 
MU2 
MU3 
" ) 
P2 ) 
T/Sl 
?/S7 
'r /qQ T/'S 
DJ6 ) in one plastic ) envelope 
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CORRELATOR CIRCUIT DRAWINGS 
D r a w i n g N o . 
30 KHZ SIDE SCAN SONAR CORRELATOR 
Title 
signal Generator Schematic 
q2 Clocking for Signal Generator 
C3 EPROM Signal Generator 
C4 Single Side Band Mixer 
C5 Pulse Power Amplifier 
C6 Preamp 
ClO Correlation Schematic 
Cll Receiver Unit Schematic 
Cl2 Band Pass Filter 
C13 Receiver Sine and Cosine Mixers 
Cl4 Clocking for C.C.D. 
Cl5 C.C.D. Sense Amplifier 
Cl6 Modulus Circuit 
Cl7 Marking Amplifier 
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